Cholinergic anti-inflammatory pathway in intracerebral hemorrhage.
Stimulated vagus nerve excretes acetylcholine into the peripheral immune organs such as the spleen, reducing innate inflammation. Here, we investigated whether activation of this "cholinergic anti-inflammatory pathway" can be used to reduce cerebral inflammation in a model of hemorrhagic stroke. Experimental intracerebral hemorrhage (ICH) was induced by stereotaxic collagenase injection in rats. Muscarine, an activator of the vagus nerve, or phosphate-buffered saline (control) was injected into the lateral ventricle after induction of ICH. Intraventricular muscarine injection increased heart rate variability in the ICH model, suggesting increased vagus nerve output. Muscarine-injected ICH rats showed improved neurologic outcomes, reduced brain water content, and decreased levels of inflammatory mediators in both brain and spleen. Central muscarine injection was ineffective at reducing cerebral edema without spleen, suggesting that the effect of muscarine is mediated through the vagus nerve-spleen pathway rather than through a direct interaction with the brain. Our results suggest that the brain possesses a cholinergic anti-inflammatory pathway that counteracts the inflammatory responses after ICH, thereby limiting damage to the brain itself.